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ABSTRACT 
Heredity plays an important role in keratoconus (KC). Consanguineous marriage (CM) can affect the 
transmission of recessively inherited conditions. We aimed to investigate the role of consanguineous 
marriage in the development of KC. This study included two groups: the first group comprised 415 patients 
who underwent surgery for KC for the first time at Khalili University Hospital (Shiraz, Iran), between 2010 
and 2014; the second group comprised 415 healthy individuals who served as age- and sex-matched 
controls for the patient group. All study subjects were from the Fars province in Iran. CM type was 
evaluated by a standard checklist in both groups. The mean inbreeding coefficient (α) was evaluated and 
compared between the two groups. The percentage of parental first-cousin marriages was 35.4% in the 
patient group and 18.3% in the control group. The mean inbreeding coefficient (α) was 0.0291 in the 
patient group and 0.0135 in the control group. Patients with KC had a significantly higher mean inbreeding 
coefficient (α) than controls (T = 8, df = 828, P < 0.001). Our study suggests that CM can play a role in the 
pathogenesis of KC. As this disease is among the most frequent ocular disorders in our country, CM should 
be considered by health care systems within their screening programs. 
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INTRODUCTION
Keratoconus (KC) is a corneal ectasia that is bilateral, 
slowly progressive, and non-inflammatory. The reported 
prevalence and incidence of KC are largely variable 
because of differences in clinical definitions and 
diagnostic criteria. The estimated incidence of KC is one 
case per 2,000 people in the general population, and 
approximately 0.249% in Iran [1]. The prevalence of KC 
varies in relation to geographical differences and the 
source of the data. For example, in the USA, the 
prevalence of KC is approximately 600 cases per 100,000 
individuals in the general population, but 54.5 cases per 
100,000 individuals who were admitted to hospitals. The 
onset of KC typically occurs at puberty, but can appear as 
late as the fourth decade of life; however, its 
development varies across different populations. There is 
an inverse correlation between the severity of KC and 
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age, with new evidence suggesting that more severe 
clinical subtypes of KC are found in younger patients. The 
known histopathological features of KC include breaks in 
Bowman’s layer and thinning of the corneal stroma; in 
the keratoconic cornea, all layers exhibit 
histopathological structural changes, with the exception 
of the endothelium [2-4]. Several risk factors have been 
identified, including contact lens wear, eye rubbing, 
atopic disease, connective tissue disorders, and 
inheritance [5-8]. Several reports have described 
associations between the presence of Down’s syndrome, 
mitral valve prolapse, or Leber’s congenital amaurosis 
with onset of KC. KC often occurs sporadically, but a 
significant minority of patients present with a positive 
family history. The etiology of KC is highly complex and 
multifactorial, with genetic and environmental factors [7-
10]. The rate of family history is 6–23.5% among patients 
with KC [11, 12]. Consanguineous marriage (CM) is a 
widely accepted social custom among Asian families and 
a leading cause of birth defects [13, 14]. To the best of 
our knowledge, there has been no investigation of the 
role of consanguinity in the incidence of KC in Iran. The 
aim of this study was to determine the prevalence of CM 
in parents of patients with KC, compared with controls. 
MATERILAS AND METHODS 
We collected data from 415 patients who underwent 
surgery for KC for the first time at Khalili University 
Hospital (a referral center for ophthalmology in the Fars 
province) between 2010 and 2014. All patients were 
living in the Fars province in Iran. Surgery type included 
deep anterior lamellar keratoplasty (DALK), penetrating 
keratoplasty (PK), and corneal collagen cross-linking 
(CXL); the patients had been referred to this particular 
center because they required these operations. A total of 
415 healthy individuals were randomly selected to enroll 
in the study and were age- and sex-matched to the 
participants in the patient group. The type of marriage of 
the parents of each individual in both groups was 
evaluated and recorded. Informed consent was provided 
by all participants. This study was approved by the ethical 
committee of our university. 
KC was diagnosed by ophthalmologists at Khalili Hospital, 
according to abnormal topography (Figs 1, 2) and one or 
more signs on slit-lamp examination, including stromal 
thinning, Fleischer ring, Munson’s sign, or Vogt striae. 
Because of PK in some advanced cases, only patients who 
had unilateral KC were enrolled in the study. The 
exclusion criterion was any other systemic disease that 
could be associated with KC [15]. A validated 
questionnaire was completed by both patients and 
controls to collect exposure information. The 
questionnaire was previously evaluated [16] and tested 
by Owens and Gamble [17]; it included demographic 
information (e.g., age, sex, religion, and potential risk 
factors). Parental consanguinity was categorized into 
unrelated, first cousins, and second cousins. Smoking, 
allergies, asthma, permanent use of sunglasses, eye 
rubbing, eczema, and family history of KC were assessed. 
 
Figure 1. General Quad Map of a Patient with Keratoconus, 
showing Abnormalities in All Four Quarters 
 
 
Figure 2. Pentacam Corneal Tomography of a Patient with 
Keratoconus, showing Abnormalities in elevation map. 
 
The inbreeding coefficient (F) is defined as the 
probability that an individual has received both alleles of 
a pair from one of their parents or the proportion of loci 
for which the individual is homozygous. The inbreeding 
coefficient (F) was calculated by the degree of 
relationship between the couples: double first cousins 
(1/8), first cousins (1/16), first cousins once-removed 
(1/32), and second cousins (1/64). The mean inbreeding 
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RESULTS 
This study included a total of 244 (58.8%) women and 
171 (41.2%) men. The mean age of all participants was 
20.86 ± 5.76 years (range: 5–36 years). All individuals 
were Muslim. The mean spherical equivalent (SE) was -
3.25 ± 2.35 in the patient group and -0.5 ± 0.75 in the 
control group. The mean uncorrected visual activity 
(UCVA) was 0.85 ± 0.53 logarithm of the minimum angle 
of resolution (logMAR) and the mean best-corrected 
visual activity (BCVA) was 0.45 ± 0.32 logMAR in the 
patient group. The mean UCVA was 0.1 ± 0.05 logMAR 
and the mean BCVA was 0.05 ± 0.25 logMAR in the 
control group. A positive family history of KC was 
reported in 54 (13%) of patients.  
Table 1. Types of Consanguineous Marriage and the Mean 
Inbreeding Coefficient (α) of the Parents of the Participants in 
both Groups 




Double first cousins 9 1 
First cousins 147 76 
Cousins once-removed 20 8 
Second cousins 74 32 
Unrelated marriages 165 298 
Total 415 415 





Table 2. Relationship between Eye Rubbing, Use of Sunglasses, Allergy, Asthma, Smoking, Eczema, and Keratoconus 
Group Number Percentage Odds ratio P-value 
Eye rubbing   6.800 (3.920–11.823) 0.000 
Case 89 21.4%   
Control 16 3.9%   
Use of sunglasses   2.161 (1.430–3.267) 0.000 
Case 76 18.3%   
Control 39 9.4%   
Allergies   1.318 (0.878–1.976) 0.109 
Case 61 14.7%   
Control 48 11.6%   
Asthma   1.599 (0841–3.040) 0.100 
Case 25 6.0%   
Control 16 3.9%   
Smoking   1.083 (0.763–1.539) 0.360 
Case 79 19.0%   
Control 74 17.8%   
Eczema   1.150 (0.685–1.931) 0.346 
Case 33 8.0%   
Control 29 7.0%   
 
Regarding the surgery type, CXL was performed in 316 
(76.1%) patients, DALK in 81 (19.5%), and PK in 18 (4.3%). 
The types of CM and the mean inbreeding coefficient (α) 
of the parents of the participants in both groups are 
presented in Table 1. 
The percentage of parental first-cousin marriage was 
35.4% in the patient group and 18.3% in the control 
group. The incidence of first-cousin marriage was higher 
among parents of patients with KC than among parents 
of controls (χ
2
 = 22.6, df = 1, P < 0.001). The patient 
group had a higher mean inbreeding coefficient (α) than 
the control group (T = 8, df = 828, P < 0.001). Eye rubbing 
was significantly more frequent in the patient group than 
in the control group (P = 0.000) (Table 2). 
KC was a risk factor for the eye-rubbing symptom [odds 
ratio (OR) = 6.808, 95% confidence interval (CI) 3.92–
11.823]. Sunglass wearing was significantly more 
frequent in the patient group than in the control group 
(Table 2) (P = 0.000). The frequency of sunglass wearing 
was 2.161 times more frequent among patients than 
among controls (OR = 2.161, 95% CI 1.43–3.267). There 
were no significant differences between groups for the 
other variables tested, including allergies (P = 0.182, OR = 
1.318, 95% CI 0.878–1.976), asthma (P = 0.149, OR = 
1.599, 95% CI 0.841–3.04), cigarette smoking (P = 0.654, 
OR = 1.083, 95% CI 0.763–1.539), and eczema (P = 0.597, 
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DISCUSSION 
Our study showed that the percentage of parental first-
cousin marriage was 35.4% among patients with KC and 
18.3% among controls. The mean inbreeding coefficient 
(α) was greater in the patient group (0.0291) than in the 
control group (0.0135). Approximately 6–8% of patients 
with KC have a positive family history or present 
evidence of familial transmission [8]. The US 
Collaborative Longitudinal Evaluation of Keratoconus 
study reported a rate of family history of 13.5%, and a 
study from Israel—where the prevalence of KC is high—
reported a rate of family history of 21.74%, which was 
higher than the 13% that we reported previously [18]. 
Recently, several candidate genes have been suggested 
to play a role in the pathogenesis of KC, including VSX1, 
SOD1, COL4A3, and COL4A4 [9]. Few studies have 
evaluated the effect of consanguineous marriage on the 
development of KC. Gordon-Shaag et al. demonstrated a 
strong link between KC and parental first-cousin 
consanguinity via univariate analysis and genetic studies; 
they confirmed the hypothesis that consanguinity and 
genetics may play an important role in the development 
and progress of KC [15]. The findings of their study are 
consistent with our findings. CM can increase the risk of 
recessive forms of genetic diseases, such as ocular 
diseases, because of the increased possibility of the 
presence of variable mutations in a homoallelic condition 
[19]. CM is more common in Asia and Africa [20]; 
interestingly, Akrami et al. reported an increasing trend 
for CM in Tehran, Iran [21]. Many new consanguineous 
couples want to understand the consequences of 
consanguinity for their offspring. General practice 
physicians should be aware of potential pathological 
mechanisms associated with consanguinity. Therefore, 
the screening guidelines should be adapted to properly 
evaluate consanguineous couples and their offspring. 
To investigate the relationship between CM and KC in 
Iran, we studied the prevalence of CM in parents of 
patients with KC and compared these data with a control 
group. The mean inbreeding coefficient (α) was higher in 
patients with KC than in controls. This finding highlights 
the importance of raising awareness for the need to 
monitor consanguineous couples. Such a strategy may 
prevent the progression of KC to advanced stages and 
enable adequate management of KC. A national research 
project in the Shiraz province in Iran showed that the 
inbreeding coefficient of the general population was 
0.0152 [22], which was similar to that of our control 
group. In a case-control study, Gordon-Shaag and 
colleagues found a significant association of eye rubbing, 
allergy, family history, and education >12 years with KC 
[15]. The OR of wearing sunglasses in the KC cohort was 
75% lower than that in the control group. Eczema, 
asthma, and smoking were not significantly different 
between the two groups. Similar to their study, we found 
(in the present study) that eye rubbing was significantly 
more frequent among subjects with KC. However, we 
found that wearing sunglasses was more frequent in the 
patient group than in the control group; the difference 
between the two studies could be related to 
geographical and cultural issues. Our study had an 
important limitation in that the population of eligible 
patients only included those patients who were referred 
to a single Eye Hospital for surgical management; 
outpatients with KC were not included. In conclusion, CM 
may play a role in the pathogenesis of KC. As this disease 
is among the most frequent ocular disorders in our 
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